Near-infrared spectroscopy (NIR) was employed to determine the quality of walnut oil. Multivariate scattering correction (MSC) and combination of standard normal variate and de-trend (SNV-DT) were separately used for preprocessing. Successive projection algorithm (SPA) and combination of competitive adaptive reweighted sampling algorithm and partial least squares method (CARS-PLS) were separately used for extraction of characteristic wavelengths. Particle swarm optimization (PSO) and genetic algorithm (GA) methods were separately used for parameter optimization. Eventually, quantitative prediction models for impurities contents in walnut oil were established by support vector machine (SVM). After analysis of the prediction results derived from these models, an optimal candidate was obtained.
Introduction
Walnut, also known as "tree oil depot", has an oil content of 65% to 70%, the highest among those in all woody oil plants. The fatty acids in walnut oil, with a content of up to 90%, mainly consist of unsaturated fatty acids such as linoleic acid, oleic acid, and linolenic acid. China owns the largest walnut cultivation area and output all over the world. In the international market, walnut oil is remarked as "oriental olive oil" and has been popular [1] . The good profit along with popularity drives some illegal merchants to dope walnut oil with cheap edible oils. For the sake of consumers' interests and health, legal enterprises, and normal order of walnut oil production and marketing, a fast and effective method for the detection of adulteration of walnut oil is very important. At present, the detection techniques of authenticity of edible oils have been developed. The main methods include sensory detection, physical and chemical methods, nuclear magnetic resonance detection [2] , chromatography, spectroscopy and so forth.
Near infrared spectroscopy (NIR) is a technology that has been fast developed in recent years, and has been applied in some fields requiring fast detection. On the basis of NIR, a fast and effective method for the detection of adulteration in walnut oil was studied and a quantitative prediction model was established in this paper. Based on the results from different preprocessing methods and characteristic wavelengths extraction methods, a most suitable model was found to minimize the error and to improve the accuracy.
Experimental Section

Instruments
An Axsun XL410 laser near infrared spectroscopic edible oil quality detector, oil extractor, electronic balance, pipette, water bath and cuvettes were used. The scanning range of the spectrometer was 1350-1800 nm. The scanning times were 32 with a scanning step of 1 nm and spectral resolution of 3.5 cm-1. The signal-to-noise ratio (250 ms, RMS) was greater than 5500: 1. The measurement temperature was controlled to be 20-100 °C. The cuvettes had an optical path of 2 mm.
Materials and Sample Preparation
Different and representative walnut oil samples for online and offline sales were purchased. Besides, walnuts produced in Sichuan, Yunnan and Xinjiang provinces were purchased for oil extraction with an extractor.
In the adulteration identification experiment, walnut oil was adulterated with inexpensive soybean oil, rapeseed oil and corn oil. The mass fractions of inexpensive oil in different adulterated walnut oils were 0%, 3%, 5%, 8%, 10%, 12%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, and 90%, separately. The information of 204 adulterated walnut oil samples, including 12 pure walnut oils, 64 soybean-oil-adulterated walnut oils, 64 rapeseed-oil-adulterated walnut oils, and 64 corn-oil-adulterated walnut oils, is summarized in Table 1 . 
Spectra Acquisition
The near infrared spectra of each oil sample were collected thrice, and the average values were taken as the input data of the model. The original spectra were shown in Figure 1 . 
Preprocessing Methods for Spectral Data
In the acquisition of spectra, noises, temperature, humidity and other environmental factors interfered with the spectra. Besides the intrinsic information, irrelevant information or noises were involved in the spectra acquired, leading to overlapping of spectra, low signal-to-noise ratios, low information specificity and other shortcomings, which would lower the accuracy of a model. Therefore, the as-acquired spectra were separately preprocessed with multivariate scattering correction (MSC) [3] and combination of standard normal variate and de-trend (SNV-DT). Successive projection algorithm (SPA) [4] and combination of competitive adaptive reweighted sampling algorithm and partial least squares method (CARS-PLS) were separately used for extraction of characteristic wavelengths. Genetic algorithm (GA) [5] and particle swarm optimization (PSO) methods were separately used for parameter optimization. Eventually, quantitative prediction models were built with support vector machine (SVM) [6] [7] [8] , in linear and non-linear regression modes. In the SVR modeling, RBF kernels with few parameters and great learning ability were selected. The NIR spectra acquired were separately preprocessed with the MSC and SNV-DT [9] algorithms, as shown in Figs. 2 and 3 . 
Results and Discussion
The spectral data, treated by MSC/SNV-DT and SPA/CARS-PLS, were taken as the input data for SVR modeling. The prediction results of impurities contents in adulterated walnut oil samples are shown in Table 2 .
The results in Table 2 show that the quantitative prediction of impurities contents was efficiently and fast achieved by using the NIR-SVR-based model. In the experiment, the different characteristic wavelengths extraction methods showed different influences on the quantitative prediction results. The combination of MSC preprocessing method and CARS-PLS characteristic wavelengths extraction method showed a better performance. In addition, the effects of different preprocessing methods were also different, and a good combination of preprocessing method and characteristic wavelengths extraction method would greatly improve the accuracy of results. For instance, the R values of calibration and prediction sets in the MSC-CARS-PLS-SVR model were as high as 99.3924% and 97.1715%, respectively, and the (C, g) parameters of the SVR model were (1000, 600), showing a great learning ability. This model exhibits small prediction error, high correlation and great practicability.
Conclusions
Based on NIR and SVM, the quantitative prediction model for the blending of walnut oil was established. In the establishment of the model, MSC and SNV-DT preprocessing methods were respectively used. Characteristic wavelengths extraction methods SPA and CARS-PLS algorithms were respectively used. As such, typical models were built by using different preprocessing and extraction methods for models screening. The experimental results showed that the MSC-CARS-PLS-SVR model exhibited a better performance among all the models established, and the SVR parameters (C, g) were (1000, 600), showing a great learning ability and good practicability. The R values of calibration and prediction sets in this model were as high as 99.3924% and 97.1715%, respectively, showing high correlation, small prediction error, and good practicability.
